S everal cross-sectional studies have examined associations between depressive symptom ratings and injuries. A survey conducted in rural Iowa reported a significant association between upper-quintile abbreviated Center for Epidemiologic Studies Rating Scale scores and unintentional injuries. 1 The odds ratio in women was 1.57 and in men was 1.36. Another cross-sectional study evaluated the frequency of positive Brief Patient Health Questionnaire ratings in samples with and without occupational injuries. A weak association was found in women, but there was no evidence of an association in men. 2 A case-control study 3 of risk factors for falls among Iowa farmers found an association between self-reported doctor-diagnosed depression and injuries in bivariate analyses, but these associations did not persist after adjustment for confounding variables. A related analysis of animal-related injuries found no association in unadjusted or adjusted analyses. 4 A cross-sectional association between injury risk and depression, if one exists, may be due to an increased risk of injury in people with MDEs, an increased risk of MDEs following injury, or both (that is, bidirectional effects). Longitudinal data are needed to evaluate such distinctions and few such studies have been conducted. One study 5 analyzed 22 years of follow-up data from the National Health and Nutrition Examination Survey. In this study, baseline depressive symptoms (evaluated using the General Well-Being Schedule) were found to predict subsequent hip fractures. 5 A similar result from a prospective study using a broader definition of injury was reported by Tiesman et al, 6 but a prospective study of hip fractures by Wilson et al 7 found no evidence of increased risk in association with elevated depression ratings.
While existing prospective studies have focused on depression as a risk factor for injury, effects in the opposite direction (injury as a risk factor for depression) are plausible. Preliminary evidence of possible bidirectionality derives from another study using depressive symptom ratings (in this case from the Hospital Anxiety and Depression Scale), finding that depression ratings tended to increase following limb injuries in an elderly cohort, especially if the injuries were associated with a persistent change in functioning. 8 Notably, all of the existing studies have measured depression using symptom rating scales. Nominal diagnoses such as MDE are generally considered more salient to clinical practice than symptom ratings. Depressive symptom levels are expected to vary week by week and brief elevations in response to stressful life events are often not pathological. Conversely, the occurrence of a MDE indicates a mood disorder with an associated pattern of recurrence and associated risks over time. In Canada, the NPHS provides an opportunity to evaluate injury risk in association with MDE, and to explore the possibility of a bidirectional relation.
Method
The NPHS is a longitudinal study based on a nationally representative community sample assembled by Statistics Canada in 1994. Detailed information about the NPHS methods may be found on the Statistics Canada web page. The NPHS interview included the CIDI-SF, 9 which assesses past-year MDEs. The CIDI-SF is scored with a predictive probability algorithm based on the number of symptom-based criteria fulfilled during a 2-week period in the preceding year. The instrument was scored at the 90% predictive probability level in this analysis, which approximately indicates endorsement of 5 of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Criterion A symptoms, at least one of which must be depressed mood or loss of interest or pleasure. The item used to assess injury in the NPHS has the following wording: "In the past 12 months, did you have any injuries that were serious enough to limit your normal activities?"
The longitudinal cohort included 17 276 participants, but the current analysis was restricted to 15 254 respondents who were aged 12 years or older at the time of the initial 1994 interview. Further, the analyses were restricted to subsets of the NPHS cohort who were at risk of MDEs and injuries and who were successfully interviewed in at least one follow-up interview. For the part of the analysis examining the effect of MDEs on injury risk, the analysis was restricted to those who did not report an injury at the baseline interview (n = 12 314). In the part of the analysis concerned with an effect of injury on MDE incidence, the analysis was restricted to respondents not reporting MDEs at the baseline interview (n = 13 175). The NPHS cohort has been interviewed every 2 years, such that 5 follow-up interviews are available covering the 1994 to 2004 time period. Over this 10-year period, 27% of the original cohort has been lost to follow-up. In addition, some respondents left the sampling frame because of institutionalization, death, or homelessness. The 1994 NPHS interviews were mostly conducted face to face, but almost all of the follow-up interviews have been conducted over the telephone.
In each analysis, variables that were available in the NPHS and judged to be potential independent determinants of the outcome were included in the analysis as covariates. The justification for this approach is that any independent determinant of outcome has the potential to confound associations between injury risk and MDE. Adjustments for age and sex were included in all analyses. In the analyses concerned with MDE as a risk factor for injuries, the following variables were incorporated as covariates: recreational activity pattern (assessment of which was based on time of participation in a specified set of recreational activities); occupational type (physically demanding occupations, compared with those that are not); a body mass index of greater than 30 calculated from self-reported height and weight; and medication use. In the NPHS, respondents were asked during the interview to retrieve all of their medications and specific medications were recorded using Anatomic Therapeutic Chemical codes. These codes were used to identify respondents taking psychotropic medications: antidepressants, antipsychotics, or benzodiazepines. In the part of the analysis concerned with injury as a risk factor for MDE, the following variables were included: marital status, self-reported chronic medical conditions (assessed with items indicating that the condition was diagnosed by a health professional), current smoking status and pain (assessed by items on the Health Utility Index 10 ), and family history of a diagnosis of depression in a first-degree relative. Income was also included, and was assessed in the NPHS using a strategy that adjusted total household income for family size. Low level, compared with middle and high levels, of household income were used in the analysis. The NPHS interview asked about a series of stressful events during childhood and adolescence using an index measuring traumatic events: parental divorce, a lengthy hospital stay, prolonged parental unemployment, and frequent parental alcohol or drug use. Affirmative responses to any one or more of these items were considered indicative of exposure to childhood stressors. Major ongoing stressors were recorded using a brief inventory that was also included in the NPHS interview. Stress scale scores were coded into high and low categories based on the upper quartile. Mastery and self-esteem scales were also included in the NPHS using brief scales derived from the work of Pearlin and Schooler. 11 For analysis, these scales were also recorded as nominal categories based on their lower quartile. More detailed information about the measurement of these variables is available in the NPHS documentation. 12 In analyses assessing injury risk, MDE was treated as a timevarying factor so that MDE status at the start of each 2-year interval determined whether a respondent was in the exposed or nonexposed cohort during that interval. With the exception of age and sex, covariates were also treated as time-varying characteristics in the analyses.
We modelled the effect of MDEs on injury risk and vice versa using proportional hazards models. Because the NPHS employed interviews at discrete (2-year) time points, a proportional hazards model for grouped time data was used. This was fit as a generalized linear model of the binomial family using a complementary log-log link function. Jenkins 13 has outlined procedures for implementation of these analyses in Stata. 14 The analyses presented here are nonparametric: time intervals are represented in the models using indicator variables with no assumptions made about the pattern of change in risk over time. Cross-product interaction terms between MDE or injury and the risk period indicator variables were used to test the proportional hazards assumption (no violations of the assumption were identified). Respondents developing the outcome (injury or MDE, depending on the part of the analysis), dying, or who were lost to follow-up or institutionalized were censored from the models at subsequent time points.
The NPHS used a multistage, stratified design that also included clustering to select eligible households. To correct for bias and to ensure accurate assessment of variance in the complex survey design, Statistics Canada recommends a bootstrap procedure that uses a set of 500 replicate weights. All of the estimates presented below are weighted in this way and the confidence intervals derive from the bootstrap procedure. All analyses were conducted at the Regional Research Data Centre on the University of Calgary campus, using Stata software. 14 The study received approval from the University of Calgary Conjoint Health Research Ethics Board.
Results
There were 12 314 respondents who did not report injuries at the time of the 1994 baseline interview. By 1996, 9.5% (95% CI 8.7% to 10.2%) of these respondents reported that they had sustained an injury. At subsequent cycles, the annual incidence remained stable, with the 95% confidence intervals for the 2-year incidence proportions all incorporating values in the range of 9%. The incidence did not vary by sex, but declined with age. For example, during the 1994 to 1996 interval, the incidence in the group aged 12 to 18 years was 15.6% (95% CI 12.5% to 18.7%), declining to 11.9% (95% CI 9.4% to 14.4%) in the group aged 19 to 25 years, 9.8% (95% CI 9.7% to 10.9%) in the group aged 26 to 45 years, 6.9% (95% CI 5.8% to 8.0%) in the group aged 46 to 65 years, and 6.7% (95% CI 5.2% to 8.1%) in the group aged 66 years and older. At each interview cycle, the prevalence of injury was associated with the prevalence of MDEs. Cross-sectional estimates from each of the NPHS interview cycles are presented in Table 1 .The unadjusted HR for MDEs as an injury risk factor was 1.6 (95% CI 1.3 to 2.0), indicating a 60% elevation in injury risk in people with MDEs. An effect of age was evident in the proportional hazards model, with an HR for the youngest age group of 1.9 (95% CI 1.6 to 2.3), relative to the oldest age group. With adjustment for age, a protective effect of female sex also became apparent (HR = 0.8, 95% CI 0.8 to 0.9, P < 0.001). None of the psychotropic medication exposures were significantly associated with injury risk. The HR for venlafaxine was elevated at 2.1, but the associated 95% confidence intervals ranged from 0.8 to 5.8 and the association was not statistically significant (P = 0.12). Other classes of antidepressants, benzodiazepines, and atypical antipsychotic medications all had HRs of less than 1.2. The only effect other than age and sex to achieve statistical significance in the modelling was a weak positive effect of an active recreational lifestyle, (HR = 1.2, 95% CI 1.1 to 1.3, P < 0.001). However, the effect of MDEs on injury risk was unchanged in models adjusting for these variables, either individually or when combined into a single model ( Table 2 ). An HR adjusted for age, sex, and an active lifestyle was 1.6 (95% CI 1.3 to 2.0, P < 0.001), identical to the unadjusted estimate. When venlafaxine use was also included, the HR for MDEs was 1.5 (95% CI 1.2 to 1.9).
There were 13 175 respondents who did not have an MDE in the year preceding the 1994 baseline interview, among whom 17.1% (95% CI 16.2% to 17.9%) reported an injury. Among those reporting an injury in 1994, 6.4% (95% CI 4.6% to 8.1%) developed an MDE by 1996. The incidence of MD in the subsequent cycles ranged between 2.6% and 3.5%. The unadjusted HR for injury as a risk factor for MDEs was 1.8 (95% CI 1.5 to 2.2). Table 3 presents HRs for injury and covariates found to be significantly associated with MDEs with simultaneous adjustment in a single model. No interactions between any of these variables and injury were identified. The adjusted HR for injury was 1.4 (95% CI 1.1 to 1.8), which was slightly lower than the unadjusted estimate but maintained its statistical significance.
Conclusions
These results indicated that injuries and MDEs have a bidirectional relation: MDEs increase the risk of injury and injuries increase the risk of MDEs. The associations persisted with adjustment for a set of covariates. The possibility that an association may be stronger in women or only present in women, as suggested by prior cross-sectional studies, was not confirmed. The previous literature (which consists mostly of smaller studies) has found inconsistent evidence of an association between injuries and MDEs. However, for example, the negative study by Nordstrom et al 1 It should be emphasized that not all potentially relevant covariates could be included in the analysis as suitable measures were not always available in the NPHS dataset. For example, substance abuse and personality disorders were not assessed. For this reason, it is possible that the associations between injury risk and MDEs are due to other confounding factors. Some of the variables that were included in the analysis, for example, pain, may not be independent risk factors for MDEs, but rather may be mediating factors linking injury to MDEs. If so, the strength of association between injuries on MDEs may be greater than the adjusted estimates suggest. Because the NPHS is a general health survey many of the measures it employs are brief and subject to inaccuracy. The assessment of injury using a single item is an example of this, as is the assessment of MDE using a brief predictive instrument rather than a fully detailed diagnostic schedule. However, the CIDI-SF addresses a diagnostic concept of the MDE in distinction to previous studies that have used symptom rating scales. The use of self-report to assess injury risk may create a vulnerability to response bias. If people with MD overestimate the severity of their injuries the association between MDEs and subsequent injury may have been biased upwards as a result.
Attrition is a potential source of bias in longitudinal studies. For example, if injuries were associated with an increased risk of loss to follow-up and if this risk were increased to a greater extent in nondepressed than depressed respondents, the HR quantifying the effect of MDEs on injury risk may have been overestimated. However, an effect of this nature would be expected to alter the strength of the cross-sectional associations over time (Table 1) , which was not observed, suggesting that there was no substantial joint effect of injury and MDE on the risk of attrition.
A strength of our study is its clarification of temporal relations. Another strength is its use of a representative population-based sample. However, as the NPHS interviews were conducted 2 years apart and the CIDI only covered the past year, the study could not completely clarify the temporal associations. For example, a person found to have had an MDE during one interview might have recovered from the episode and subsequently experienced an injury at a later time when they were not depressed. In such scenarios, the result is misclassification of depression status. The direction of resulting bias is difficult to predict. In situations where changes in depression status preceded the occurrence of injuries, the misclassification would not depend on injury status and would therefore be nondifferential. The resulting bias would be expected to dilute the observed association toward the null value. 15 As many of the covariates included in this analysis were also measured using single items or brief scales, it is possible that inaccurate measurement of these variables would lead to incomplete control of confounding.
The association of MDEs with injury risk is potentially important to public health as MDE is a modifiable risk factor. The question arises as to whether special measures designed to reduce injury risk should be considered during MD treatment, apart from warnings that may be provided to patients concerning injury risks associated with consumption of psychotropic medications (for example, cautions concerning possible effects on alertness). As people who have sustained an injury may be at a higher risk of MDEs as well, the results presented here may have implications for clinical management of injuries. In most health systems, management of injuries occurs in an acute-care context that does not emphasize mental health concerns. Increased monitoring for depression following injury may be justified in some circumstances. However, in view of the limitations of our study, the findings reported here should be regarded as preliminary and as requiring replication.
